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The methanation of CO, is a pivotal Power-to-Gas (P2G) technology critical in
advancing the objectives of the green energy transition. Within the Energy Innovation
Center Project (ElZ), the Energy Storage and Conversion Laboratory (ESC Lab) at
BTU Cottbus-Senftenberg investigates novel catalysts for CO, hydrogenation. In this
context, a Ni-based catalyst supported on Sm-modified ceria (Ni/CeSmOx) was
developed to achieve near-to-equilibrium CO, conversion at temperatures as low as
250 °C. To gain mechanistic insight and support kinetic modelling efforts, operando
Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFTS) experiments
were conducted to correlate surface intermediates with support composition and

reaction temperature.

The operando DRIFTS measurements were performed using a temperature-controlled
reaction cell integrated into a Fourier transform infrared spectrometer. Catalyst
nanopowders (Ni/CeSmOx, Ni/CeOx and NiO reference) were exposed to a H,:CO,:N,

= 4:1:5 mixture at temperatures ranging between 250°C and 450 °C.

Figure 1 compares steady-state spectra of a Ni/CeSmOx with a NiO catalyst.
Exemplary peaks marked at 1030, 1270, and 1580 cm™ correspond to bidentate
carbonate species, which are known to form on ceria sites and remain relatively stable
due to oxygen-vacancy-assisted CO, adsorption [1]. The 1405 and 1421 cm™ peaks
match monodentate carbonates, typically associated with ceria surfaces, where
hydrogen interaction reduces their intensity [2]. The 1570 and 1362 cm™ bands
indicate formate intermediates that arise through hydrogenation of carbonate species
on vacancy-stabilised ceria sites [2]. Finally, the peaks at 1430 and 1652 cm™
correspond to bicarbonates, which form through CO, chemisorption on Ni-associated
hydroxyl groups [3]. The coexistence of Ce-derived carbonates/formates and Ni-

derived bicarbonates highlights the complementary roles of the support and metal



phase in CO, activation and hydrogenation.
Overall, the operando spectra confirm that CeSmOx stabilises carbonate-type
intermediates, while Ni sites contribute bicarbonate formation, consistent with the

catalyst’s high low-temperature CO, conversion.
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Figure 1: Steady-state operando DRIFTS spectra of NiO and Ni/CeSmOx catalyst
nanopowder measured between 250-450 °C under H,:CO,:N, = 4:1:5 flow. Marked
peaks correspond to bidentate carbonates (1030, 1270, 1580 cm™), monodentate
carbonates (1405, 1421 cm™), formates (1570, 1362 cm™), and bicarbonates (1430,
1652 cm™).
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